The aim of the study was to investigate the relationship between the fibrous interstitium found in the spaces between tumor nests and the growth and proliferation process in 33 rectal carcinoid lesions (26 resected endoscopically and 7 resected surgically).
INTRODUCTION
The detectability of tumorous lesions of the colon has increased dramatically in recent years, thanks to improvement in colonoscopes and. diagnostic techniques. Such is also the case with rectal carcinoids. Haraguchi et al. [1] reviewed 496 cases of rectal carcinoid tumor from Japanese literature in 1988. These were initially thought to be slowgrowing tumors in which tumor size was closely related to the degree of malignancy, [1, 2] but recent reports of malignant tumors smaller than 10mm [3] [4] [5] indicate the need for a more accurate indicator of malignancy than tumor size. The aim of the present study was to examine the usefulness of the fibrous interstitium found in the spaces between tumor nests of resected specimens as an indicator of the growth process and histologic degree of malignancy. We also investigated whether it is possible to evaluate clinically fibrous interstitium as an indicator of degree of malignancy before endoscopic or surgical resection, using endoscopic ultrasonography (EUS).
SUBJECTS
The subjects were 32 patients (33 lesions) with carcinoid tumors of rectal origin who underwent resection and histopathologic testing in 8 years and 2 months between February 1989 and March 1997. The lesions were resected endoscopically in 25 patients (26 lesions) and surgically in 7 patients (7 lesions) . Of the 32 patients, 18 were men and 14 were women. Their mean age was 55.1 -+- 14 .0 years (25-80 years).
The tumor site was Ra (mid part of the rectum) for 8 lesions and Rb (distal part of the rectum) for 25 lesions, as described in General Rules .for Clinical and Pathological Studies on Cancer of the Colon, Rectum and Anus [6] . Except for lesion with a histopathologic depth of invasion of adventitia treated by abdominoperineal resection, all of the 32 lesions extended as far as the submucosal layer. Endoscopic resection was performed with a high-frequency cautery snare after local injection of saline into the base of the lesion. For 11 of the lesions treated from August 1993, the tumor was resected with a high-frequency cautery snare by first grasping and lifting the tumor with forceps following local injection of saline. The lesion was removed by transanal local resection in 3 patients (3 lesions), transsacral wedge resection in 2 patients (2 lesions), and abdominoperineal resection in 2 patients (2 lesions) (in patient (1 lesion) an advanced rectal carcinoma was resected at the same session). specimens were used to measure the maximum tumor diameter, and to examine the structure INTRATUMORAL FIBROUS INTERSTITIUM 199 of the tumor nests inside the tumor and the proportion of the tumor occupied by the fibrous interstitium found in the spaces between the tumor nests. The tumor structure based on the tumor nests and fibrous interstitium was then compared with the tumor size. The structure of the tumor nests was classified as small solid, trabecular, ribbon-like, nodular and sheet-like based on the criteria by Iwafuchi et al. [7] and the nest occupying the greatest area inside the tumor was considered the dominant tumor nest.
METHODS
The proportion of the tumor occupied by the fibrous interstitium was determined by displaying micrographs ( 40-100) on a monitor screen linked to a computer and measuring the ratio of the sum total area of fibrous interstitium inside the tumor to the total tumor area (F/T ratio). Each tumor was measured three times using a manually operated image analyzer (Rize Co., type EM), and the mean of the three values was used as the F/T ratio. (12 MHz) , or a thin ultrasonic probe UM-2R (12MHz) or UM-3R (20MHz) through a working channel of a conventional colonoscope using the water-filling method in both. The maximum tumor diameter, depth of submucosal invasion and internal echo image of the tumor were evaluated. The layer structure of the rectal wall was interpreted using the 5-layer structure described by Aibe [8] . The (Table I) .
The other lesion (31 mm) with a depth of invasion of adventitia was elevated and accompanied by broad based mass with irregular ulceration. The lesion had its base covered with normal peripheral mucosa and was diagnosed as a tumor seated in the submucosal layer. (Table II) . (Table III) . The relationship between F/T ratio and the structure of the dominant nest was as follows.
Comparison of the F/T Ratio with Fibrous
Interstitium Composition and the Structure of the Dominant Nest
The fibrous interstitium was comprised of collagenous fibers that stained dark blue by Azan- the smooth muscle and collagenous fibers were mixed together to form a whole, and separated, in which the two types of tissue were separate so that most of the interstitium on the superior side of the tumor was comprised of smooth muscle and the inside of the tumor was comprised of collagenous fibers. In the mixed pattern, smooth muscle constituted over half of the entire interstitium. In the separated pattern, in some lesions most of the interstitium was comprised of the smooth muscle on the superior side of the tumor (Fig. 3) , while in others the collagenous fibers inside the tumor were more abundant than the smooth muscle (Fig. 4) . Eight FIGURE 3 The separated pattern of the fibrous interstitium mainly smooth muscle. The fibrous interstitium of this carcinoid (tumor size: 6.0mm, the dominant nest: ribbon like structure and F/T ratio: 0.14) was separated on the superior side and the inside of the tumor, and most of the interstitium was comprised of the smooth muscle on the superior side of the tumor: (Table IV) .
Comparison of EUS and Histologic Findings
The mean histologic size of the 23 lesions in which EUS was able to be performed before endoscopic or surgical resection was 5.3mm (1.5-9.0mm).
The mean size for the same lesions on EUS was 6.4 mm (2.5-13 ram), 1.1 mm (17.2%) less than the histologic size.
Of these 23 lesions, 19 (82.6%) were superficial ty.pes in the submucosal layer and 4 (17.4%) were deeper submucosal types (Fig. 5) . The relationship between the structure of the dominant nest, F/T ratio and depth of submucosal invasion and tumor size on EUS was as follows. All 8 lesions smaller than 5mm were superficial submucosal lesions. (Table V) .
Lesions were broadly divided into homogenous low-echoic lesions and non-homogenous lesions based on the internal echo image of the tumor on EUS. The non-homogenous lesions were further classified into two categories, that is a low-echoic tumor image featuring a honeycomb-like highechoic pattern and multiple high-echoic dots of varying sizes. The internal echo image of the 4 semipedunculated lesions could not be accurately visualized due to deep echo dumping (Fig. 6) .
The relationship between the structure of the dominant nest, F/T ratio and the internal echo (Table VI) .
The relationship between the depth of submucosal invasion and the internal echo image of the tumor on EUS was as follows. Four (80.0%) of the 5 lesions with an internal echo image characterized by the presence of high-echoic dots were deeper submucosal lesions, while those with the other types of internal echo images were all superficial submucosal lesions (Table VII) .
DISCUSSION
Gastrointestinal carcinoid tumors are hardly heteroplastic lesions first described in 1907 by Oberndorfer [9] , who coined the term "karzinoide Tumoren" in relation to six slow-growing epithelial tumors of the small intestine resembling ordinary carcinomas but differing in character, which were discovered during autopsy. Carcinoid tumors originating in the rectum were first reported in 1912 by Saltykow [10] , who described histologically 206 S. MATSUMURA However, studies in recent years have found no relationship between tumor size and malignancy, and have revealed some cases of malignant tumors less than 10mm in size [3] [4] [5] . It therefore makes little sense to assess the likelihood of malignancy or non-malignancy based on tumor size alone, while some attempts are being made to find a histologic indicator [7] . The aim of the present study was to try to find a new indicator of malignancy by examining the relationship between malignancy and histologic findings and growth based on endoscopic findings and tumor size previously used as indicators, focusing on lesions smaller than 10mm and confined to the submucosal layer.
Histologically, tumors are comprised of groups of tumor cells (tumor nests) and the fibrous interstitium that surrounds those nests. Histologic tumor type is determined by classifying the arrangement of the cells within the tumor nest, and is usually based on the cell arrangement that occupies the largest area within the tumor (the structure of the dominant nest) [7, 13] . For this purpose the classification by Soga et al. [13] is most commonly used in Japan. It classifies the tumor cell arrangement (structure of the tumor nest) into 5 types (A, B, C, D, and mixed). Iwafuchi et al. [7] further classified these into 9 types according to the growth stage of the cell groups. In carcinoid tumors with low-grade malignancy (classical tumors), small solid, short trabecular to trabecular, or ribbonlike nests predominates, while in highly malignant endocrine cell carcinomas, nodular or sheet-like nests is most commonly seen [14] . In the present study, examination of the structure of the dominant nest and tumor size showed that the nests of tumors smaller than 5 mm were limited to the small solid, trabecular and ribbon-like types of low-grade malignancy. This [1, 16] . We therefore investigated the relationship between degree of malignancy and growth and proliferation by evaluating the proportion of the tumor occupied by fibrous interstitium, a tumor constituent, and the composition and distribution pattern of the fibrous interstitium. Tumors smaller than 5 mm with small solid or trabecular nests had a significantly higher F/T ratio, and were formed of interstitium in which smooth muscle and collagenous fibers were mixed to form a whole. The higher F/T ratio was attributed to the fact that the tumor cell groups did not form a mass, but were instead distributed with large quantities of destroyed muscularis mucosae (smooth muscle) and collagenous fibers present in the spaces between the groups, especially when the tumor structure was at the immature stage. In tumors that have matured to some degree (5 mm or larger), the tumor cells form a solid mass in the submucosal layer, after breaking through the muscularis mucosae. At this time, the fibrous interstitium on the superior side of the tumor was comprised of smooth muscle originating from the muscularis mucosae, and the inside of the tumor was comprised of collagenous fibers that appear between the tumor nests as the tumor becomes larger. The F/T ratio was lower in lesions where the smooth muscle on the superior side of the tumor was present in greater abundance (lesions in wlhich there was limited collagenous fibers proliferation), while higher in lesions in which the collagenous fibers inside the tumor were more abundint than smooth muscle. The abovementioned fact suggests that in tumors that have matured to some degree, the ratio is determined by the number of collagenous fibers. Furthermore, it appears that collagenous fibers proliferate more in highly malignant lesions, since the ratio was significantly lower in tumors formed from ribbonlike nests and higher in tumors formed from nodular / sheet-like nests. Although, the ratio was high in some (3 lesions) of the tumors formed from ribbon-like nests (19 lesions) due to a large increase in the number of collagenous fibers, preoperative EUS showed that all of these lesions were deeper types in the submucosal layer, suggesting that the number of collagenous fibers in the interstitium increases further as the tumor grows and proliferates deep into the submucosal layer. In conventional internal echo images, carcinoid tumors were recognized as homogenous low-echoic regions [17] [18] [19] . However, the advent of highfrequency devices (12 and 20 MHz) has provided better resolution, enabling detailed imaging of the interior of even smaller lesions. The fibrous components are visualized as slightly high-echoic regions, in contrast to the carcinoid tumor nests which are imaged as low-echoic regions, suggesting that it may be possible to predict the structural pattern of the inside of the tumor by focusing on the fibrous interstitium. Nomura et al. [20] found that many lesions in which the proportion of the tumor occupied by fibrous interstitium was either same as or greater than that occupied by the tumor cells exhibited a relatively high-echoic pattern, and that many lesions comprised of tumor nests divided by thick fibrous interstitium were non-homogenous. The findings of the present study were as follows.
(1) Lesions [16] [17] [18] [19] . However, endoscopic resection is inadequate for deeper submucosal tumors [18] , and decisions regarding additional resection should preferably be based on detailed histologic testing of resected specimens regardless of which procedure is selected. While it is known that preoperative EUS can provide useful information (e.g., tumor size, depth of invasion, presence of metastasis to perirectal lymph nodes [21] ) for selecting procedures [17] [18] [19] 
